During the last century, potato (Solanum tuberosum L.) has become a worldwide elementary staple food. The key reason for this process is the high nutritional value of potato as a carbohydrate source, storability, and ease and divergent uses. Breeding programmes resulted in new cultivars with improved yield potential (Brown 2011). In spite of a significant biological progress during the recent decades, actual yields in many countries are unsatisfactory and fail to rise further. Between 2004 and 2013, the world average yield increased from 17.7 t/ha to 19.5 t/ha (FAOSTAT 2016). The estimated potential yields for Poland (PL) and the Czech Republic (CZ) are 39.7 t/ha, 47.7 t/ha (Supit et al. 2010) , while the actual yields during 2003-2013 ranged from 15-24 t/ha and 23-30 t/ha for PL and CZ, respectively, and from 15-24 t/ha for Albania (AL) (FAOSTAT 2016).
2010). It is well-known that potato is a crop of much higher K than N demands (Westermann 2005) . The scientific reports about K fertilizer impact on potato yield are controversial, indicating lack or low crop response to high application rates (Li et al. 2015) . To explain this discrepancy, an in-depth evaluation of the interaction between N and K and its impact on the potato crop growth and development is required.
The key objective of the present study was to evaluate the effect of progressive rates of K fertilizer on the apparent use efficiency of N fertilizer, based on field experiments conducted in different soil-climate zones of Europe. . The trials were established on Vertic Cambisol (AL), Luvisol (Jaroměřice) and Cambisol (Lipa) (CZ), and on Albic Luvisol (PL). In each of the studied sites, the initial content of available K, as shown in Table 1 , was satisfactory for high potato yield. The rates of P and N were based on their actual soil content.
MATERIAL AND METHODS

Experimental
According to Köppen-Geiger classification, Albania is situated in the Mediterranean climatic zone with dry and hot summer (Csa subtype) (Rubel and Kottek 2010) . In this country, each year, periods of droughts were recorded during the main season of potato growth. The Czech Republic and Poland belong to the warm temperate fully humid climatic zone (Cfb). Its typical feature is an irregular frequency of droughts, which was pronounced in CZ in July and in PL also in September (Table 2) .
Experimental design. Each field experiment was arranged as a two-factorial design, replicated four times, consisting of four rates of K, based on the relative level of the recommended rate: 0, 50, 100, and 150%. The N rate, based on N min content, was fixed at the level of 75% and 100% of the recommended rate (Table 1 ). The potato crop was planted in each site at the optimum date and harvested from an area of 14 m 2 . The size of a basic plot was 100 m 2 in PL and 50 m 2 in AL and CZ.
Indices of N and K use efficiency. The set of N and K use efficiency indices was calculated using the equations: The indicator of N efficiency termed as the partial factor productivity of fertilizer nitrogen (PFP N ), relies on gross productivity of applied N. This parameter is required to calculate the yield gap (YG), and the maximum yield (Y MAX ). In the first step, the average of the fourth quarter of progressively rated PFP N values was calculated (cPFP N ). The used equations were as follows:
Where: Y -yield of tubers, kg/ha; N f -nitrogen rate, kg N/ha; cPFP Nf -the average of the fourth quarter of the PFP Nf data set.
The experimentally obtained data were subjected to the conventional analysis of variance using computer programmes Statistica 10® (StatSoft, Inc., Tulsa, USA). The differences between treatments were evaluated with the Tukey's test. In tables, figures, and equations, F-test results are given at P < 0.05.
RESULTS AND DISCUSSION
The total yield of potato was affected by all factors (Table 3) . It was a result of field location and interaction of K and N. The yield, measured on the plot without applied fertilizers was: 27.5, 25.9, and 14.4 t/ha for CZ, PL, and AL, respectively. The average yield of fertilized crops showed an order: PL (38.7 t/ha) > CZ (31.5 t/ha) > AL (27.0 t/ha). In response to interactions between K and N, potato yields were doubled in AL, increased by 50% in PL, and by 15% in the CZ. In AL, the maximum yield was achieved at 300 kg K/ha. In PL, a rate of 66 kg K/ha was sufficient to obtain the highest yield. In CZ, only a slight response was observed to K applied at the rate of 150 kg K/ha. In all these K treatments, the maximum yield was achieved with the full N rate.
The major reason for potato yields lower than the potential productivity of currently grown cultivars is partly efficiency of N fertilizer (Singh and Lal 2012) . The partial factor productivity of N (PFP N ) was affected by all factors. The PFP N decreased in the order: CZ (100%) ≥ PL (94%) > AL (57%). Its value around 300 kg tuber/kg N, as calculated for the first two countries, indicates an effective N use. Potassium fertilizer (K) effect on PFP N was progressive only for its lower levels ( Table 3) .
The PFP N is a tool for calculating both the maximum yield and yield gap. A calculated Y MAX above 50 t/ha may be achieved in PL and in the CZ; however, it was below 40 t/ha in AL (Table 3) . Contradictory to that, the largest average YG, -20 t/ha, was calculated in CZ, but this value was strongly affected by the extremely large YG in 2013 (Table 3) . In PL and AL, the results were more stable.
The apparent nitrogen efficiency (ANE) responded significantly to all factors, with special emphasis to country (Table 3) . The mean ANE value in AL, 90 kg tubers/kg N, was twice as high compared to that of CZ. In Albania, ANE increased in accordance with the rising K rate, reaching a maximum of 140 kg tubers/kg N at 450 kg K/ha. In Poland, ANE was lower, ranging between -38 to 170 kg tubers/kg N, displaying the maximum average response of 90 kg tubers/kg N at 132 kg K/ha. In CZ, this index was low, ranging from 25 to 50 kg tubers/kg N, with unequivocal response to K rate (Figure 1 ). When analysed for the whole set of data, ANE followed a quadratic model (Figure 2 ). For AL, YG can be minimized to less than -4.0 t/ha, provided that ANE reaches 163 kg tubers/kg N. For Poland, a calculated optimum ANE of 123 kg tubers/kg N would result in a minimum YG of -7.7 t/ha. In the Czech Republic, YG varied from -3.0 t/ha to -46.0 t/ha, depending on the year. Each year, it was linearly responding to ANE.
In the present study, K fertilizer impact on potato tuber yield was evaluated based on the apparent potassium efficiency (AKE) index (Table 3) . The most pronounced effect was associated to field location (country). The highest AKE, reaching, on average, 65 kg tubers/kg K, was recorded in PL. It was almost 2-times higher as compared to AL and nearly 4-times as compared to CZ. Surprisingly, this lowest value was in the range reported as optimal by Li et al. (2015) for China, stressing a low response of potatoes to K fertilization. Differences in AKE can be explained by diversity in the natural capacity of soils to deliver sufficient K quantity to intensively cultivated crop. As reported for Poland by Fotyma (2007) , the content of exchangeable K in soils originating from the postglacial loamy-sand does not exceed a threshold value of 100 mg K/kg soil (Sparks 1987) . Soils developed from loamy bedrock, widespread in AL and CZ, are several times richer in both total and available K forms (Madaras et al. 2014 ). Under such conditions, the productive K f rates are expected to be exceptionally high, exceeding even 400 kg K/ha (Kovacevic and Grgić 1995) . This was probably the case in AL, where N efficiency continued to respond to elevated K f even to 450 kg K/ha (Figure 1 ), resulting in the highest tuber yield. In the case of CZ, a K rate as high as 225 kg K/ha was sufficient to meet potatoes K requirements, but its impact on yield was low.
The main objective here was to evaluate the impact of the apparent K efficiency on the apparent N efficiency (Figure 3) . In Albania, a very strong response of ANE (69-189 kg tubers/kg N) was obtained within a relatively narrow range of K net productivity (34-69 kg tubers/kg K). The response range to K f was much wider in Poland, from negative (-83) up to 271 kg tubers/kg K, also comprising significant increases in ANE, up to 227 kg tubers/kg N. For CZ, the AKE was in the range of -12 to 71 kg tubers/kg K, but resulting in a very low ANE increase of 87 kg tubers/kg N. In 2010, AKE ranged from -8 to 3 kg tubers/kg K, but resulting in ANE increase from 22 to 60 kg tubers/kg N. There was a clear impact of K rates on AKE, which can be concluded as follows: the lower the K level, the wider the AKE response. This may indicate a declining potassium availability or uptake with the increasing K inputs. Thus, a fundamental contribution of K fertilizer may be the enhancement of N uptake and use efficiency (Fontes et al. 2010, Singh and Lal 2012) . Interesting, however, was the consistent difference between the two N levels. As a rule, the lower N level (75% of the recommended rate) resulted in significantly higher ANE but reduced AKE values. In spite of the relatively dull response of the potato yield to fertilizer inputs and the remarkable variability among years in the experiments conducted in CZ (Table 3 , Figure 1 ), the phenomenon described here for AL and PL can be also identified there, provided the year 2010 is considered separately (Figure 3) . Thus, the relationships between AKE, ANE and the nutrient application rates clearly demonstrate the tight interaction between the N and K, and its effects on potato production. Figure 1 . Effects of potassium (K) fertilizer rate (*kg K/ha) and nitrogen (N) levels at 75% and 100% (**, ***) of the recommended rate on the mean apparent N use efficiency (ANE). Numbers marked with the same letter are not significantly different at *P < 0.05; **P < 0.01; ***P < 0.001 Vol. 63, 2017, No. 9: 422-427 Plant Soil Environ. The present study validates the principal positive role of K fertilization in potato crop production. Furthermore, it demonstrates the important interactive effects of N and K application on the apparent use efficiency of both nutrients. In fact, K application has increased N use efficiency and vice versa. Therefore, none of these nutrients should be ignored, particularly K, when nutrition policy for potato is considered. This said, an appropriate nutrition management must be adjusted according to local conditions such as soil properties and weather. 
